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DEVICE AND DEVICE PROTECTION
SYSTEM

FIELD OF THE DISCLOSURE

The present disclosure relates to protection circuitry for
clectronic devices that are susceptible to thermal runaway.

BACKGROUND

Electronic devices such as bipolar power amplifiers use
base ballast resistors and/or emitter ballast resistors to
achieve thermal stability. However, in wide bandwidth
applications a relatively large ballast resistor 1n conjunction
with a relatively large input capacitance of an output power
amplifier stage creates a pole that may be lower than a

maximum modulation bandwidth, which can be 200 MHz
and higher. A lower pole due to the relatively large input
capacitance precludes fast dynamic biasing control needed
to prevent thermal runaway of bipolar power amplifiers.
Moreover, other electronic devices such as thyristors used to
control utility power and electric vehicles also need to be
protected from thermal damage. As such, there 1s a need for
clectronic devices and device protection systems that are
structured for fast dynamic biasing and/or shutdown control
of electronic devices 1n thermal distress.

SUMMARY

A device having device function circuitry configured to
receive a device signal and output a modified device signal
1s disclosed. The device includes a device temperature
sensor configured to generate a device temperature signal
that 1s proportional to a temperature of the device function
circuitry. Device function circuitry 1s further configured to
maintain power dissipation of the device function circuitry
to below a predetermined safe power dissipation level in
response to a control signal that 1s generated based upon the
device temperature signal.

Another exemplary embodiment discloses a device pro-
tection system that includes device protection circuitry. The
device protection circuitry has a reference temperature sen-
sor configured to generate a reference temperature signal
that 1s diflerent 1n magnitude from the device temperature
signal as the power dissipation of device function circuitry
exceeds the predetermined sate power dissipation level. The
device protection circuitry further includes a diflerence
amplifier that 1s configured to amplify a difference between
the device temperature signal and reference temperature
signal to generate an error signal. Further included i1s a
device controller configured to generate the control signal
received by the device function circuitry.

The device controller generates the control signal in
response to the error signal. The control signal 1s configured
by the device controller to lower or eliminate power dissi-
pation of the device function circuitry in order to protect the
device from thermal damage.

Those skilled 1n the art will appreciate the scope of the
present disclosure and realize additional aspects thereof after
reading the following detailed description of the preferred
embodiments 1n association with the accompanying drawing
figures.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

The accompanying drawing figures incorporated in and
forming a part of this specification 1llustrate several aspects
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2

of the disclosure and, together with the description, serve to
explain the principles of the disclosure.

FIG. 1 1s a simplified diagram depicting a device and
device protection system that are structured in accordance
with the present disclosure.

FIG. 2A 1s a schematic depiction of a first exemplary
embodiment of the device that in accordance with the
present disclosure 1s 1n the form of a radio frequency
transistor of the bipolar junction transistor type having the
device temperature sensor embedded and integrated with the
device function circuitry.

FIG. 2B is a three-dimensional structural view of the first
exemplary embodiment of the device of FIG. 2A.

FIG. 3A 1s a schematic depiction of a second exemplary
embodiment of the device that in accordance with the
present disclosure 1s 1 the form of a radio frequency
transistor of the bipolar junction transistor type having at
least two embedded integrated temperature sensors that are
embedded and integrated with the device function circuitry.

FIG. 3B 1s a three-dimensional structural view of the
second exemplary embodiment of the device of FIG. 3A.

FIG. 4A 1s a schematic depiction of a third exemplary
embodiment of a device that 1n accordance with the present
disclosure 1ncludes a device temperature sensor that 1s side
extended from and integrated with device function circuitry,
which 1n this embodiment 1s 1n the form of a radio frequency
transistor of the bipolar junction transistor type.

FIG. 4B 1s a three-dimensional structural view of the third
exemplary embodiment of the device of FIG. 4A.

FIG. 5 1s a diagram that symbolically depicts device
function circuitry as a thyristor 1n the form of a silicon-
controlled rectifier.

FIG. 6 1s a diagram that symbolically depicts device
function circuitry in the form of a power metal oxide
semiconductor field-effect transistor.

DETAILED DESCRIPTION

The embodiments set forth below represent the necessary
information to enable those skilled in the art to practice the
embodiments and illustrate the best mode of practicing the
embodiments. Upon reading the following description in
light of the accompanying drawing figures, those skilled 1n
the art will understand the concepts of the disclosure and
will recognize applications of these concepts not particularly
addressed herein. It should be understood that these con-
cepts and applications fall within the scope of the disclosure
and the accompanying claims.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, these
clements should not be limited by these terms. These terms
are only used to distinguish one element from another. For
example, a first element could be termed a second element,
and, similarly, a second element could be termed a first
clement, without departing from the scope of the present
disclosure. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

It will be understood that when an element such as a layer,
region, or substrate 1s referred to as being “on” or extending
“onto” another element, it can be directly on or extend
directly onto the other element or intervening elements may
also be present. In contrast, when an element is referred to
as being “directly on” or extending “directly onto” another
clement, there are no itervening elements present. Like-
wise, 1t will be understood that when an element such as a
layer, region, or substrate 1s referred to as being “over” or
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extending “over” another element, 1t can be directly over or
extend directly over the other element or intervening ele-
ments may also be present. In contrast, when an element 1s
referred to as being “directly over” or extending “directly
over’ another element, there are no intervemng elements
present. It will also be understood that when an element 1s
referred to as being “connected” or “coupled” to another
clement, 1t can be directly connected or coupled to the other
clement or intervening elements may be present. In contrast,
when an element 1s referred to as being “directly connected”
or “directly coupled” to another element, there are no
intervening elements present.

Relative terms such as “below” or “above™ or “upper’” or
“lower” or “horizontal” or “vertical” may be used herein to
describe a relationship of one element, layer, or region to
another element, layer, or region as illustrated in the Figures.
It will be understood that these terms and those discussed
above are intended to encompass different orientations of the
device 1 addition to the orientation depicted 1n the Figures.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of the disclosure. As used herein, the singular forms
“a,” “an,” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises,” “compris-
ing,” “includes,” and/or “including” when used herein
specily the presence of stated features, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
integers, steps, operations, elements, components, and/or
groups thereol.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this disclosure belongs. It will be further understood
that terms used herein should be interpreted as having a
meaning that 1s consistent with their meaning 1n the context
of this specification and the relevant art and will not be
interpreted 1 an idealized or overly formal sense unless
expressly so defined herein.

FIG. 1 1s a simplified diagram depicting a device protec-
tion system 10 that 1s structured in accordance with the
present disclosure. The device protection system 10 includes
a device 12 with device tunction circuitry 14 that 1s config-
ured to receive a device signal at a device input terminal 16
and output a modified device signal at a device output
terminal 18. The device signal and modified device signal
depend on the type and purpose of the device 12. For
example, 1f the device 12 1s a bipolar junction transistor of
an output stage of a radio frequency power amplifier, the
device signal 1s typically a radio frequency carrier to be
amplified, and the modified device signal 1s an amplified
version of the radio frequency carrier. In another example, 11
the device 12 1s a thyristor, the device signal 1s typically an
alternating current wavetorm, and the modified device sig-
nal 1s a triggered portion of the alternating current wave-
form.

Regardless of the device type, the device 12 includes a
device temperature sensor 20 that 1s integrated with device
function circuitry 14 and configured to generate a device
temperature signal that 1s proportional to a temperature of
the device function circuitry 14. The device function cir-
cuitry 14 1s further configured to receirve a control signal to
maintain power dissipation of the device function circuitry
14 to below a predetermined saie power dissipation level 1n
response to the control signal that 1s generated based upon
the device temperature signal. For the purpose of this
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disclosure the predetermined safe power dissipation level 1s
defined as a power dissipation level that allows the device
function circuitry 14 to modily device signals without
permanently thermally damaging the device 12. It 1s to be
understood that the device 12 may have a lower predeter-
mined safe power dissipation level without a heatsink and a
higher predetermined safe power dissipation level when
equipped with a heatsink. For example, the device 12 may
have a higher predetermined sate power dissipation level of
100 watts with a heatsink and may have a lower predeter-
mined sale power dissipation level of 30 watts without a
heatsink. The device protection system 10 may be used to
protect the device 12 from thermal damage in either case of
employing a heatsink or not employing a heatsink.

In one embodiment the device function circuitry 14 1s a
thyristor and the device signal 1s an alternating current
power signal. Moreover, 1n this exemplary embodiment, the
control signal 1s a thyristor trigger signal that i1s either not
received or not acted upon when the device temperature
signal indicates that the thyristor 1s dissipating power out-
side the predetermined power dissipation range.

The device protection system 10 further includes device
protection circuitry 22 that receives the device temperature
signal and generates the control signal based upon the device
temperature signal. In an exemplary embodiment, the device
protection circuitry 22 includes a relference temperature
sensor 24 configured to generate a reference temperature
signal that 1s different 1n magnitude from the device tem-
perature signal as the power dissipation of device function
circuitry 14 exceeds the predetermined safe power dissipa-
tion level. Typically, the reference temperature sensor 24
generates a reference temperature signal that 1s lower 1n
magnitude than the device temperature signal as the power
dissipation of device function circuitry 14 exceeds the
predetermined safe power dissipation level. However, 1t 1s to
be understood that in some embodiments the reference
temperature sensor 24 and the device temperature sensor 20
may be configured to generate temperature signals that are
inversely proportional to absolute temperature. In such
cases, the reference temperature signal 1s higher 1n magni-
tude than the device temperature signal as the power dissi-
pation of device function circuitry 14 exceeds the predeter-
mined safe power dissipation level. In either case, the
reference temperature sensor 24 1s at a significantly cooler
temperature than the device temperature sensor 20 as the
power dissipation of device function circuitry 14 exceeds the
predetermined sate power dissipation level due to the much
closer proximity of the device temperature sensor 20 to the
device function circuitry 14.

The device protection circuitry 22 also includes a differ-
ence amplifier 26 that 1s configured to receirve the device
temperature signal and the reference temperature signal as
inputs and amplily a difference between the device tempera-
ture signal and reference temperature signal to generate an
error signal as an output. Further included in the device
protection circuitry 22 1s a device controller 28 that 1s
configured to generate the control signal 1n response to the
error signal, wherein the control signal i1s received by the
device function circuitry 14 that 1s configured to maintain
power dissipation of the device to below a predetermined
sale power dissipation level 1n response to the control signal.

In the exemplary embodiment depicted in FIG. 1, the
device controller 28 1s also configured to generate a device
temperature sensor bias signal and transmit the device
temperature sensor bias sensor to the device temperature
sensor 20. The device temperature sensor bias signal 1s

labeled SENSOR BIAS1 in FIG. 1. The device controller 28
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1s further configured to generate a reference temperature
sensor bias signal and transmit the reference temperature
sensor bias signal to the reference temperature sensor 24.

The reference temperature sensor bias signal i1s labeled
SENSOR BIAS2 1n FIG. 1. In at least one embodiment, the

device controller 28 scales the device temperature sensor
bias signal and/or the reference temperature bias signal to
provide the device temperature sensor 20 with a device
sensor bias voltage that 1s within +£1% of a reference sensor
bias voltage provided to the reference temperature sensor 24.
In at least one other embodiment, the device controller 28
scales the device temperature sensor bias signal and/or the
reference temperature bias signal to provide the device
temperature sensor 20 with a device sensor bias current that
1s within £1% of a reference sensor bias current provided to
the reference temperature sensor 24.

In the exemplary embodiment of FIG. 1, the device
function circuitry 14 and the device temperature sensor 20
are integrated together 1nto a first integrated circuit package
30 having a first perimeter depicted in thick solid line. The
first integrated circuit package 30 includes the device mput
terminal 16, the device output terminal 18, a sensor bias
input terminal 32, a sensor output terminal 34, and a control
signal input terminal 36. As also depicted 1n FIG. 1, the
exemplary embodiment integrates the reference temperature
sensor 24, the difference amplifier 26, and the device con-
troller 28 1nto a second integrated circuit package 38 having
a second perimeter depicted 1n thick solid line. The second
integrated circuit package 38 includes a sensor input termi-
nal 40 shown coupled to the sensor output terminal 34 of the
first integrated circuit package 30. The second integrated
circuit package 38 also includes a sensor bias output termi-
nal 42 that couples to the sensor bias input terminal 32 of the
first integrated circuit package 30. The second integrated
circuit package 38 further includes a control signal output
terminal 44 that couples to the control signal input terminal
36 of the first integrated circuit package 30.

FIG. 2A 1s a schematic depiction of a first exemplary
embodiment of the device 12 that 1n accordance with the
present disclosure 1s 1n the form of a radio frequency
transistor ol the bipolar junction transistor type having the
device temperature sensor 20 embedded and integrated with
the device function circuitry 14. This type of transistor 1s
typically employed as a main amplification device 1n a radio
frequency power amplifier output stage. In this particular
embodiment, the device function circuitry 14 1s a bipolar

junction transistor having a first collector terminal C1, a first
base terminal B1, and a first emitter terminal E1. Fither of
the first collector terminal C1 or the first emitter terminal E1
1s coupled to the device output terminal 18 (FIG. 1) depend-
ing upon an output stage configuration, such as a common
collector configuration or a common emitter configuration.
The first base terminal B1 1s typically coupled to the device
input terminal 16 shown 1n FIG. 1. A radio frequency signal
to be amplified 1s typically coupled to the device input
terminal 16 by way of a capacitor (not shown). The first base
B1 1s also typically direct current coupled to the control
signal mput terminal 36 through which the control signal
generated by the device controller 28 (FIG. 1) 1s transmuatted
in the form of a bias current. The bias current may be
reduced by the device controller 28 to de-energize the device
function circuitry 14 based upon the device temperature
signal generated by the device temperature sensor 20 when
the device temperature signal indicates that power dissipa-
tion of the device circuitry 14 exceeds the predetermined
sate power dissipation level.
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In this particular embodiment, shown 1 FIG. 2A, a
second base terminal B2 of a smaller bipolar junction
transistor comprising the device temperature sensor 20 1s
typically coupled to the sensor bias mput terminal 32 (FIG.
1), and a second emitter terminal E2 1s coupled to the sensor
output terminal 34 (FIG. 1). Moreover, 1n this particular
embodiment, a second collector terminal C2 1s coupled to
the first collector terminal C1.

FIG. 2B 1s a three-dimensional structural view of the first
exemplary embodiment of the device 12 of FIG. 2A. In this
exemplary case, the device function circuitry 14 1s a bipolar
junction transistor having a plurality of transistor layers 48
and a plurality of transistor fingers 50 disposed over the
plurality of transistor layers 48. At least one of the plurality
of transistor fingers 50 1s a sensor finger 50-1 that 1is
combined with a portion 52 of the plurality of transistor
layers 48 to realize the device temperature sensor 20. While
the portion 52 of the plurality of transistor layers 48 1s
depicted to reside between dashed line boundaries, 1t 1s to be
understood that electronic influence on the device tempera-
ture sensor 20 extends within the plurality of transistor
layers 48 beyond the dashed line boundaries depicted 1n
FI1G. 2B. Thus, the dashed line boundaries are to be taken as
a symbolic representation of the portion 32 of the plurality
of transistor layers 48.

In the exemplary embodiment of FIG. 2B, the plurality of
transistor fingers 50 includes emitter fingers 50-2. The
sensor finger 50-1 may be considered a separated portion of
one of the emitter fingers 50-2. However, in other embodi-
ments, the plurality of transistor fingers 50 includes collector
fingers, wherein the sensor finger 50-1 may be considered a
separated portion of one of the collector fingers. Moreover,
in yet other embodiments, wherein the device 12 1s a metal
oxide semiconductor field-effect transistor, the plurality of
transistor fingers 50 includes drain fingers and source fin-
gers, wherein the sensor finger 50-1 may be considered a
separated portion of one of the drain fingers or of one of the
source lingers. In exemplary embodiments, the separated
portion that 1s the sensor finger 50-1 1s longitudinally
aligned with one of the plurality of transistor fingers 50 from
which the sensor finger 50-1 1s separated.

In the particular embodiment depicted 1n FIG. 2B, the
plurality of transistor layers 48 includes an n-type collector
layer 54 that 1s disposed over a collector contact 56, an
n~-type collector drift region layer 58, and a p-type base
layer 60. A plurality of base contacts 62 1s disposed over the
p-type base layer 60. The plurality of transistor fingers 350
that 1s made up of emitter-type fingers in this exemplary case
are interdigitated with the plurality of base contacts 62. Each
of the emitter fingers 30-2 includes an emitter contact 64.
The sensor finger 50-1 has a sensor contact 66 that couples
to the sensor output terminal 34 depicted in FIG. 1 and 1s the
second emitter E2 1n FIG. 2A. In the exemplary embodiment
of FIG. 2B, the device function circuitry 14 includes the
plurality transistor layers 48, the emitter fingers 350-2, the
collector contact 56, the plurality of base contacts 62, and
the emitter contacts 64. The device function circuitry 14
does not include the sensor finger 50-1 and the sensor
contact 66.

FIG. 3A 1s a schematic depiction of a second exemplary
embodiment of the device 12 that in accordance with the
present disclosure 1s 1 the form of a radio frequency
transistor of the bipolar junction transistor type having at
least a first device temperature sensor 20A and a second
device temperature sensor 20B that are embedded and
integrated with the device function circuitry 14. It 1s to be
understood that additional device temperature sensors that




US 11,196,392 B2

7

are equivalent in structure to the first device temperature
sensor 20A and a second device temperature sensor 20B
may be also be integrated with the device function circuitry
14 as needed.

In this particular embodiment, shown in FIG. 3A, a third
base terminal B3 of a second smaller bipolar junction
transistor comprising the device temperature sensor 20 1s
typically coupled to the first base terminal B1, the second
base terminal B2, and the sensor bias input terminal 32 (FIG.
1). A third emitter terminal E3 1s coupled to the sensor output
terminal 34 (FIG. 1). Moreover, 1n this particular embodi-
ment, a third collector terminal C3 1s coupled to the first
collector terminal C1.

FIG. 3B 1s a three-dimensional structural view of the
second exemplary embodiment of the device 12 of FIG. 3A.
In this exemplary embodiment, a first sensor finger S0-1A
has a first sensor contact 66A that i1s the second emitter
terminal E2 1 FIG. 3A. Moreover, a second sensor finger
50-1B has a second sensor contact 66B that 1s the third
emitter terminal E3 1 FIG. 3A. Both the first sensor contact
66 A and the second sensor contact 66B couple to the sensor
output terminal 34 depicted in FIG. 1. In the exemplary
embodiment of FIG. 3B, the device function circuitry 14
includes the transistor layers 48, the emitter fingers 50-2, the
collector contact 56, the base contacts 62, and the emitter
contacts 64. The device function circuitry 14 does not
include the first sensor finger 50-1A, the {irst sensor contact
66 A, the second sensor finger 50-1B, and the second sensor
contact 66B.

FIG. 4A 1s a schematic depiction of a third exemplary
embodiment of the device 12 that in accordance with the
present disclosure 1s 1n the form of a radio frequency
transistor of the bipolar junction transistor type. In this
particular embodiment, the device function circuitry 14 1s a
bipolar junction transistor having a first collector terminal
C1, a first base terminal B1, and a first emaitter terminal F1.
Either of the first collector terminal C1 or the first emitter
terminal E1 1s coupled to the device output terminal 18 (FIG.
1) depending upon an output stage configuration, such as a
common collector configuration or a common emitter con-
figuration. The first base terminal Bl 1s typically coupled to
the device imput terminal 16 shown in FIG. 1. A radio
frequency signal to be amplified 1s typically coupled to the
device input terminal 16 by way of a capacitor (not shown).
The first base B1 1s also typically direct current coupled to
the control signal mput terminal 36 through which the
control signal generated by the device controller 28 (FIG. 1)
1s 1n the form of a bias current. The bias current to the device
controller 28 may be reduced to de-energize the device
function circuitry 14 based upon the device temperature
signal generated by the device temperature sensor 20.

In this particular embodiment, shown in FIG. 4A, the
second base terminal B2 of a smaller bipolar junction
transistor comprising the device temperature sensor 20 1s
typically coupled to the sensor bias mput terminal 32 (FIG.
1), and the second emitter terminal E2 1s coupled to the
sensor output terminal 34 (FIG. 1). However, unlike the
second embodiment depicted 1n FIG. 2A, the first base
terminal B1 and the second base terminal B2 do not share a
common bias. Like the other embodiments, the second
collector terminal C2 1s coupled to the first collector termi-
nal Cl1.

FIG. 4B 1s a three-dimensional structural view of the third
exemplary embodiment of the device 12 of FIG. 4A. In this
exemplary embodiment, the device temperature sensor 20
extends from a side of the device function circuitry 14 and
1s mtegrated with the device function circuitry 14. As such,
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the emitter fingers 50-2 can have uniform length. However,
for ease of fabrication, the sensor finger 530-1 and the sensor
contact 66 remain longitudinally aligned with one of the
emitter fingers 50-2.

FIG. 5 1s a diagram that symbolically depicts device
function circuitry 14 as a thyristor 1n the form of a silicon-
controlled rectifier. The device temperature sensor 20 1is
integrated with the device function circuitry 14 to realize
device 12 1n the first integrated circuit package 30. In this
particular embodiment, an anode Al 1s coupled to the device
input terminal 16 and a cathode K1 1s coupled to the device
output terminal 18. A gate trigger terminal GT1 1s coupled
to the control signal mput terminal 36. The gate trigger
terminal G'T1 receives a gate trigger signal to fire the device
function circuitry 14 that 1s in the form of a silicon-
controlled rectifier. When fired, a positive portion of an
alternating current wave passes from the device mput ter-
minal 16 to the device output terminal 18. Other portions of
the alternating current waveform are blocked from passing
between the device mput terminal 16 and the device output
terminal 18. The device controller 28 (FIG. 1) generates the
control signal that 1n this case 1s the gate trigger signal. Thus,
when the power dissipation of device function circuitry 14
exceeds the predetermined sate power dissipation level as
indicated by the device temperature sensor 20, the device
controller stops generating the gate trigger signal to allow
the device function circuitry 14 to cool, the device function
circuitry 14 1n this case being a silicon-controlled rectifier.

FIG. 6 1s a diagram that symbolically depicts device
function circuitry 14 1n the form of a power metal oxide
semiconductor field-eflect transistor (MOSFET). The device
temperature sensor 20 1s integrated with the device function
circuitry 14 to realize device 12 in the first integrated circuit
package 30. In this particular embodiment, a drain D1 1s
coupled to the device input terminal 16 and a source S1 1s
coupled to the device output terminal 18. A gate G1 1s
coupled to the control signal input terminal 36. The gate G1
receives a gate drive signal i the form of a gate voltage. The
device controller 28 (FIG. 1) generates the gate voltage.
Thus, when the power dissipation of device function cir-
cuitry 14 exceeds the predetermined safe power dissipation
level as indicated by the device temperature sensor 20, the
device controller 28 reduces, makes negative, or stops
generating the gate voltage to allow the device function
circuitry 14 to cool, the device function circuitry 14 1n this
case being a power MOSFET.

Those skilled 1n the art will recognize improvements and
modifications to the preferred embodiments of the present
disclosure. All such improvements and modifications are
considered within the scope of the concepts disclosed herein
and the claims that follow.

What 1s claimed 1s:

1. A device comprising:

device function circuitry configured to receive a device

signal and output a modified device signal; and

a device temperature sensor configured to generate a

device temperature signal that 1s proportional to a
temperature of the device function circuitry, wherein
the device function circuitry 1s further configured to
maintain power dissipation of the device function cir-
cuitry to below a predetermined sate power dissipation
level 1n response to a control signal that 1s generated
based upon the device temperature signal.

2. The device of claim 1 wherein the device function
circuitry 1s configured to receive the control signal from
device protection circuitry that 1s located external of the
device.
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3. The device of claim 2 wherein the device 1s configured
to transmit the device temperature signal to the device
protection circuitry.

4. The device of claim 2 wherein the device 1s configured
to receive a device temperature sensor bias signal from the
device protection circuitry.

5. The device of claim 4 wherein the device temperature
sensor bias signal provides the device temperature sensor
with a first sensor bias voltage that 1s within £1% of a second
sensor bias voltage provided to a reference temperature
sensor comprising the device protection circuitry.

6. The device of claim 4 wherein the device temperature
sensor bias signal provides the device temperature sensor
with a first sensor bias current that 1s within £1% of a second
sensor bias current provided to a reference temperature
sensor comprising the device protection circuitry.

7. The device of claim 1 wherein the device function
circuitry 1s a radio frequency transistor comprising:

a plurality of transistor layers; and

a plurality of transistor fingers disposed over the plurality

of transistor layers, wherein at least one of the plurality

of transistor fingers 1s a sensor finger comprising the
device temperature sensor.

8. The device of claim 7 wherein one transistor finger of
the plurality of transistor fingers i1s separated from and
longitudinally aligned with the sensor finger.

9. The device of claim 8 wherein the one transistor finger
of the plurality of transistor fingers that 1s longitudinally
aligned with the sensor finger 1s an emuitter finger.

10. The device of claim 1 wherein the device function
circuitry 1s a thyristor and the device signal 1s an alternating
current power signal and the control signal 1s a thyristor
trigger signal that 1s not received when the device tempera-
ture signal indicates that the thyristor 1s dissipating power
outside the predetermined power dissipation range.

11. A device protection system comprising:

device function circuitry configured to receive a device

signal and output a modified device signal; and

a device temperature sensor configured to generate a

device temperature signal that 1s proportional to a
temperature of the device function circuitry, wherein
the device function circuitry 1s further configured to
maintain power dissipation of the device function cir-
cuitry to below a predetermined sate power dissipation
level 1n response to a control signal that 1s generated
based upon the device temperature signal;

device protection circuitry comprising;

a reference temperature sensor configured to generate a
reference temperature signal that 1s different 1n mag-
nitude from the device temperature signal as the
power dissipation of device function -circuitry
exceeds the predetermined safe power dissipation
level;

a diflerence amplifier configured to amplify a difler-
ence between the device temperature signal and
reference temperature signal to generate an error
signal; and

a device controller configured to generate the control
signal received by the device function circuitry based
upon the magnitude of the error signal.
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12. The device protection system of claim 11 wherein the
device controller 1s further configured to generate a device
sensor bias signal that biases the device temperature sensor
and a reference sensor bias signal that biases the reference
temperature sensor.

13. The device protection system of claim 12 wherein the
device sensor bias signal provides the device temperature
sensor with a first sensor bias voltage that 1s within £1% of
a second sensor bias voltage provided to the reference
temperature sensor.

14. The device protection system of claim 12 wherein the
device temperature sensor bias signal provides the device
temperature sensor with a {irst sensor bias current that 1s
within £1% of a second sensor bias current provided to a
reference temperature sensor comprising the device protec-
tion circuitry.

15. The device protection system of claim 11 wherein the
device function circuitry 1s a transistor comprising:

a plurality of transistor layers; and

a plurality of transistor fingers disposed over the plurality
of transistor layers, wherein at least one of the plurality
of transistor fingers 1s a sensor finger comprising the
device temperature sensor.

16. The device protection system of claim 15 wherein one
transistor finger of the plurality of transistor fingers 1s
separated from and longitudinally aligned with the sensor
finger.

17. The device protection system of claim 16 wherein the
one transistor finger of the plurality of transistor fingers that
1s longitudinally aligned with the sensor finger 1s an emitter
finger.

18. The device protection system of claim 11 wherein the
device function circuitry 1s a thyristor, the device signal 1s an
alternating current power signal, and the control signal 1s a
thyristor trigger signal that 1s not recetved when the device
temperature signal indicates that the thyristor 1s dissipating
power outside the predetermined power dissipation range.

19. Device protection circuitry comprising:

a reference temperature sensor configured to generate a
reference temperature signal that 1s different 1n magni-
tude from a device temperature signal generated by a
device temperature sensor as power dissipation of a
device exceeds a predetermined safe power dissipation

level;

a difference amplifier configured to amplity a difference

between the device temperature signal and the refer-
ence temperature signal to generate an error signal; and

a device controller configured to generate a control signal
in response to the error signal, wherein the control
signal 1s received by device function circuitry that 1s
configured to both modify a device signal and maintain
the power dissipation of the device to below the pre-
determined sate power dissipation level in response to
the control signal.

20. The device protection circuitry of claim 19 wherein
the device controller 1s further configured to generate a
device sensor bias signal that biases the device temperature
sensor and a reference sensor bias signal that biases the
reference temperature sensor.
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